Introduction
The mammary gland is the specialized secretory organ that provides essential nourishment to mammalian young in the form of milk. Milk is primarily composed of water, fats, lactose and proteins; the major protein components are the various caseins and the whey proteins \g=a\-lactalbumin, \g=b\-lactoglobulin(ruminants) and whey acidic protein (rodents) .
Mammary development and milk protein gene expression are regulated by a number of peptide and steroid hormones, as well as cell-cell and cell-substratum interactions within the gland (Topper & Freeman, 1980 ; Levine & Stockdale, 1985; Li et ai, 1987) . During gestation the se¬ cretory capacity of the mammary gland increases due to cellular proliferation and differentiation; concomitantly milk protein gene expression is initiated in preparation for sustained milk produc¬ tion after parturition. In late lactation milk production declines due to decreased demand, and at weaning rapid mammary gland involution occurs to a state that approximates that of the mature virgin gland. Our present understanding of the relative contribution that hormones and morpho¬ logical factors have on mammary gland development and milk protein gene expression results from investigations in the whole animal and in vitro, including mammary gland expiants (Topper et ai, 1975) and mammary epithelial cell culture systems (Rosen et ai, 1986) .
Man has traditionally exploited ruminant milk and its products as a source of dietary protein and in the food technology industry (see Fox, 1982) . It has recently been proposed that manipu¬ lation of milk composition is a candidate for genetic manipulation in domestic dairy animals (Wagner & Murray, 1985; Lathe et ai, 1986; Clark et ai, 1987; Jiménez-Flores & Richardson, 1988 (Stewart et ai, 1984; Ross & Solter, 1985; Leder et ai, 1986; Andres et ai, 1987; Choi et ai, 1987; Gordon et ai, 1987; Simons et ai, 1987; Lee et ai, 1988; Muller et ai, 1988; Schonenberger et ai, 1988; Tsukamoto et ai, 1988; Bouchard et ai, 1989; Lee et ai, 1989; Tremblay et ai, 1989) . In Edinburgh, transgenic sheep carrying hybrid gene constructs that express a human plasma protein in their milk have been generated (Simons et ai, 1988; Clark et ai, 1989) . At present the levels of expression of the transgenic protein in the milk are low and this illustrates the need for a greater understanding of the structure and regulation of the milk protein genes used to target expression to the mammary gland (Clark et ai, 1989) .
A number of genomic clones encoding milk proteins have been isolated and their organizations described (Yu-Lee & Rosen, 1983; Campbell et ai, 1984; Qasba & Safaya, 1984; Jones et ai, 1985; David-Inouye et ai, 1986; Yu-Lee et ai, 1986; Hall et ai, 1987; Kawara et ai, 1987; Vilotte et ai, 1987; Alexander et ai, 1988; Devinoy et ai, 1988; Gorodetsky et ai, 1988; Laird et ai, 1988) . The identification of DNA sequence elements that contribute to regulated milk protein gene expression has been impeded by the absence of a suitable system in which to evaluate expres¬ sion of manipulation DNA sequences. Intra-and inter-species DNA sequence comparisons have suggested common regulatory elements in the promoter region of a number of different caseins and whey proteins (Yu-Lee & Rosen, 1983; Jones et ai, 1985; Yu-Lee et ai, 1986; Hall et ai, 1987; Devinoy et ai, 1988; Laird et ai, 1988) . Furthermore, an in-vitro DNA-protein interaction has been proposed between part of this DNA sequence motif and nuclear protein(s) isolated from various tissues, including the mammary gland (Lubon & Hennighausen, 1987 , 1988 . A cell system has been described that allows characterization of the rat ß-casein pro¬ moter covering this region (Ball et (Palmiter & Brinster, 1986; Scangos & Bieberich, 1987; Simons & Land, 1987 (Simons et ai, 1988) .
Ovine ß-lactoglobulin
We have chosen to investigate expression of the gene encoding ovine ß-lactoglobulin (BLG). ß-Lactoglobulin is a whey protein of 18 000 present in ruminant milk at a concentration of about 3 g/1. It is also found in the milk of horses, pigs, dogs and dolphins, but not in that of rodents and humans (Jenness, 1982; Pervaiz & Brew, 1985) . While the protein has no recognized function it is related to a diverse family of other secretory proteins, many of which bind small lipophilic molecules (for references, see Ali, 1989) . The genomic ovine BLG gene has been isolated and more than 7 kb of the DNA sequence encompassing the structural gene have been determined Harris et ai, 1988) . The DNA sequence suggests that a functional gene has been isolated, not a pseudogene, and that the pre-protein of 180 amino acids is encoded by 7 exons covering 4-9 kb of genomic DNA (Fig. 2) . However, it remained to be demonstrated whether the isolated BLG gene contains the necessary eis regulatory sequences for efficient, regulated expression in the mammary gland. (Simons et ai, 1987) . Additional lines of mice have been generated containing derivative BLG constructs to define more precisely those cisacting DNA sequence elements important for tissue-specific, regulated expression (Simons et ai, 1987;  Fig. 2 ).
The ability of various BLG constructs to direct the expression of BLG in mouse milk can generally be assessed by SDS polyacrylamide gel electrophoresis and Coomassie Blue staining of milk whey proteins as shown in Fig. 3(a) . An additional protein of Mr 18 000 is present in milk from lactating transgenic mice, all other protein bands being present in milk from transgenic and control animals. This additional protein co-migrates with purified BLG, and western blotting of milk whey proteins confirms the identity of this protein as BLG (Fig. 3b) (Palmiter & Brinster, 1986) .
All the 5' and 3' flanking deletion constructs express similarly variable levels of BLG protein in the milk of transgenic mice ( Fig. 2 (Brinster et ai, 1988) . Further lines of mice would need to be analysed to clarify the mechanism(s) by which, intron sequences influence BLG expression in transgenic systems.
The tissue distribution of BLG expression has been examined in total RNA isolated from a variety of tissues and analysed after Northern blotting using BLG-specific cDNA probes (Simons et ai, 1987;  Fig. 4 ). Mice expressing BLG protein in their milk contain a transcript present in RNA isolated from the lactating mammary gland that co-migrates with the equivalent sheep transcript of about 800 nucleotides (Gaye et ai, 1986 Tissue-specific expression of the sheep BLG gene in the mammary gland of transgenic mice. Northern blot analysis of 5 µg total RNA from 11-day lactating transgenic mice (numbered) and a control animal C57BL/6 (CM). The tissues analysed are mammary gland (Ma), liver (Li) , kidney (Ki), spleen (Sp), salivary gland (Sa), and lachrymal gland (La Fig. 1 ). The ovine ß-lactoglobulin probe was derived from p931 (Gaye et ai, 1986) ; the murine ß-casein probe was from pCas51 (Mehta et ai, 1981) ; the murine WAP probe from pmWAPl (Hennighausen & Sippel, 1982) (Ali, 1989 (Fig. 1 ).
Summary and conclusions
We have demonstrated that the ovine genomic clone SSI can be used to generate transgenic mice that produce significant quantities of BLG protein in milk. The smallest BLG construct so far examined that retains the ability to direct BLG to mouse milk encompasses approximately 7-3 kb of genomic DNA, of which about 0-8 kb is derived from the promoter region. Gene expression is tissue-specific and regulated in a temporal and developmental fashion that is similar to that reported for sheep. We conclude, therefore, that the cw-acting sequences determining mammary expression of the ovine BLG gene are correctly interpreted in mice, despite the absence of an equivalent gene in this species, and that conclusions drawn from future work on BLG expression in the mammary gland of transgenic mice will be broadly applicable in sheep and other ruminant species.
Work is currently in progress to define other sequences within the promoter of BLG that are required for regulated expression in transgenic mice. These and other studies into the DNA-protein interactions within the promoter which are required for efficient tissue-specific, regulated expres¬ sion should lead to a greater understanding of milk protein gene expression in the mammary gland. 
